Purpose. Conduct a social network analysis of the health and non-health related organizations that participate in Bogotá's Ciclov´ıa Recreativa (Ciclov´ıa).
PURPOSE
Noncommunicable diseases (NCDs) are the leading cause of death worldwide. 1 The prevalence of NCDs is increasing globally, with most cases occurring in low-and middle-income countries. 1, 2 Physical inactivity is one of the major risk factors for NCDs, accounting for an estimated 5.3 million deaths per year. 3 To address the NCD burden due to inactivity, environmental and policy approaches can be effective ways to promote physical activity (PA), creating or enhancing access to places for PA with outreach programs. 4 Intersectoral partnerships can support the creation of healthy policies that influence physical environments. Increasing population PA requires synergistic policies through intersectoral collaboration. 5 Intersectoral partnerships are useful solutions to problems that cannot be tackled in isolation by the Health sector. 6 Network analysis is a potential approach to evaluate and improve multisectoral partnerships. 7 This ap-proach allows the study of the interactions between heterogeneous actors with diverse goals. 8 Despite the challenges of collaboration between multiple sectors, community networks of intersectoral partnerships have been useful for understanding the overall structures between agencies addressing mental health, [9] [10] [11] child abuse, 12 the health of the elderly, 13 tobacco control, 14 health disparities in cancer, 15 and for the prevention of diabetes. 16 Network analysis has also recently been used to assess state-level active living promotion network in Hawaii. 17 Ciclov´ıa Recreativa (Ciclov´ıa) is considered as a promising program to promote PA. 18, 19 Ciclov´ıa is a multisectoral, community-based mass program in which streets are temporarily closed to motorized transport, allowing exclusive access to individuals for leisure activities and PA. 18 In this program, 90% of the participants are from low and middle socioeconomic strata. 20 In a recent work, a cost-benefit analysis of four Ciclov´ıa programs showed that the programs are cost beneficial for promoting PA. 21 Ciclov´ıa programs are expanding rapidly worldwide and can be found in more than 100 cities in at least 20 countries in North, Central, and South America. 22, 23 Currently, there are at least 75 programs in the United States as part of the Open Streets. 23 Implementation of this program at both the national and local levels requires knowledge of how multisectoral partners are working together and how collaboration could be improved. Specific information about networking, such as barriers, importance and frequency of contact, and type of collaboration, as well as structural characteristics of the organizations, are important for understanding the collaborative relationships between the organizations involved in Ciclov´ıa.
Bogotá's Ciclov´ıa is of particular interest because it has a 38-year history and is currently the largest such program in the world. 24 It started in 1974 with a group of students and activists who, supported by city officials, took over several streets to use their bicycles. In the 1980s the city's Ciclov´ıa became a weekly program in which main avenues are temporarily closed for recreation and PA. Today it has a 121-km continuous circuit, its attendance ranges from 600,000 to 1,400,000 users every Sunday and holiday, and organizations from various sectors work together to make the program possible. 24 The objective of this study was to conduct a network analysis of the organizations that participate in Ciclov´ıa to (1) identify which organizations from the health care and outof-health-care sector are part of Ciclov´ıa's network, (2) describe the network structure, (3) describe the role of the organizations within the network, (4) describe the subgroups of organizations working together in the network, and (5) assess the relationship between variables or structural tendencies and the likelihood of integration between the network's members.
METHODS

Design
The research is a cross-sectional study, in which the information of the organizations that participate in the Ciclov´ıa was collected through relational variables with the purpose to develop a network analysis.
Sample
The selection of organizations for the study had two phases. First, we conducted a review of Ciclov´ıa's history, in which we identified 11 main organizations. 24 Second, we contacted the director of the program, who identified another 14 organizations. An individualized e-mail (including a recruitment statement) and a followup phone call were sent to each organization, inviting them to complete a questionnaire. The data-collection questionnaire was adapted from the Guide for Useful Interventions for Physical Activity in Brazil and Latin America's network analysis project survey. 25, 26 All materials were translated into Spanish and culturally adapted. The questionnaire was administered face to face (77% of organizations) or by e-mail or telephone (23% of organizations) from March to June 2009. Each participant of the study signed an informed consent form. The protocol was reviewed and approved by Univer-sidad de los Andes's Institutional Review Board.
Of the 25 eligible organizations, 22 responded to the survey, for an 88% response rate. Three organizations did not answer the phone call, e-mails, or provide an appointment during the study period but did not provide a reason for refusal. The organizations were classified into the following nine sectors: (1) Sports and Recreation, which included 12% of the organizations; (2) Transport and Urban Planning, which included 20% of the organizations; (3) Health, which included 8% of the organizations; (4) Education, which included 4% of the organizations; (5) Security, which included 8% of the organizations; (6) Marketing/Services, which included 16% of the organizations; (7) Research and Academy, which included 16% of the organizations; (8) Government, which included 12% of the organizations; and (9) Environment, which included 4% of the organizations (see Figure 1 and Table 1 for definitions and functions of the organizations, acronyms, and corresponding nodes).
Measures
To analyze the organizational structure of the participating organizations, seven variables were examined by using network analytic methods 25, 27, 28 : relationship, link attributes (integration, contact, and importance), and node attributes (leadership, years in the program, and the sector of the organization).
Relationship. The relationship variable provided information concerning the existence of links between the organizations. Respondents were asked to indicate whether their organization was linked to other organizations participating in Ciclov´ıa. Response options were ''unlinked'' (did not work together at all, relationship ¼ 0) and ''linked'' (worked together in some way, relationship ¼ 1).
Importance. The importance variable provided information concerning the relevance of the organizations participating in Ciclov´ıa. Respondents were asked about their perception of the importance of the participation of each of the other organizations to which they were linked. Response For individual use only. Duplication or distribution prohibited by law.
options were as follows: not important
Integration. The integration variable described the relationship between linked organizations. Respondents were asked to choose the response that best described the current relationship between their organization and each of the other organizations. Response options were as follows: communication (share information only when it is necessary), cooperation (share information and work together when any opportunity arises), collaboration (pursue opportunities to work together, but without establishing a formal agreement), and partnership (work together as a formal team with specified responsibilities to achieve common goals across multiple projects).
Contact. The contact variable determines the frequency of contact among organizations. Respondents were asked to indicate how often their organization had contact with other organizations. Response options were as follows: For individual use only. Duplication or distribution prohibited by law. Formulates, directs, and implements policies that ensure the mobility of the city.
The SoM evaluates and implements the IDRD requirements regarding Ciclovía connectivity problems, with the smallest possible impact on the city's mobility. Node 3. SoG Government The SoG works with City Hall to design and asses public policies in terms of human rights, security, inequality, and coexistence.
As with all policies and programs, Ciclovía was assessed and approved by the SoG.
Node 4. SoH Health
In charge of preventing disease and guaranteeing access to health services to all residents of Bogotá .
Creates the procedures that the Ciclovía personnel must follow in case of accidents or emergencies.
Node 5. SoEdu Education
Promotes educational offerings in the city to ensure access and retention of children in the education system.
To graduate, high-school students must perform a number of hours of community service. Some students do these hours at Ciclovía, working as guides. Programs such as the Car-Free Day, Night Ciclovía, and Ciclovía have a positive influence on the quality of the air and reduce noise pollution, and are therefore of interest to the SoEnv. Node 9. SCRS
Sports and Recreation
The governmental institution that guarantees the cultural and recreational rights of the people who live in Bogotá .
The SCRS, with City Hall and the SoG, designs the policies that the IDRD must follow.
Node 10. IDRD Sports and Recreation
The governmental organization committed to the promotion of recreation, PA, the good use of parks, and sports in Bogotá .
The IDRD leads the Ciclovía program and is attached to the SCRS. The IDRD is in charge of designing and implementing Ciclovía. Ciclovía is designed with the SoM and with the objective of being near people's homes and running through important avenues without compromising the city's mobility. Once a Ciclovía corridor is approved, the IDRD promotes the new corridor, acquires the signs, and hires the guides needed for Ciclovía to work. Node 11.
Coldeportes (Colombian Institute of Sports)
Sports and Recreation
Responsible for formulating, coordinating, and monitoring the practice of sport, recreation, physical education, leisure time, and PA; aimed at improving the quality of life of Colombian society.
Coldeportes helps through the development and implementation of public policies. Through programs such as the program of Healthy Life Style, which includes the Ciclovía program, as a strategy to increase PA.
Node 12. IDU Transport and Urban Planning
In charge of maintaining the street network and managing the city's infrastructure projects.
The IDU is in charge of maintaining the streets. Since Ciclovía uses the same roads as the cars, street maintenance is for car mobility as well as that of bicycles and pedestrians using the program. Node 13. MP Security In charge of maintaining public order in the city. For individual use only. Duplication or distribution prohibited by law.
analyze the main barriers that make the integration of the organizations in Ciclov´ıa difficult, respondents were asked to indicate which factors are barriers or enablers to working with other organizations.
Analysis
The analysis followed two approaches: first, a visual and descriptive analysis, and second, a stochastic network method using an exponential random graph model (see online supplement). 7 Analysis was conducted by using Pajek, UCINET, GEPHI, and R.
Visual and Descriptive Analysis. Network visualization and description were performed to (1) identify how the organizations were linked within the Ciclov´ıa network, (2) identify the role of individual organizations in the Ciclov´ıa network, and (3) recognize subgroups of organizations working together.
The analysis focused on network and individual node properties. The measurements calculated for the sociometric relationships of the network were density (total number of connections divided by total possible connections), reciprocity (the percentage of correspondence of links in the network), in-degree (number of links that an organization has from others in the network), out-degree (number of links that an organization has to other actors in the network), betweenness (the extent to which an organization was acting as a bridge between other organizations that are not directly connected), and closeness (how close an organization was to all the other organizations in the network) (see online supplement, pp 2-3). 29 Additionally, a community detection algorithm was used to detect subgroups of organizations working together in the network (see online supplement, p 3). 30 Exponential Random Graph Model (ERGM). ERGM was conducted to estimate the parameters for each of the predictors of the integration ties between the organizations. ERGM represents a probability distribution of graphs on a fixed node set. The probability of observing a graph is dependent on the configurations of the model. 31 In this case, the ERGM model was able to predict the likelihood of integration between the organizations linked to Ciclov´ıa from structural tendencies (transitivity and heterogeneity) and link and node attributes (see online supplement, pp 4-5). 31, 32 The model building was developed in four stages. First, we built a null model, which took into account the relationship variable (model 1). Second, node attributes were added to the model (model 2). Then, the importance and contact variables of the connected organizations were added to the model (model 3). Finally, the model 3 without including the contact variable (model 4) was assessed. For ERGM, the integration variable was dichotomized as 0 ¼ unlinked or communication, and 1 ¼ cooperation, collaboration, or partnership. This cutoff point was selected from the distribution of responses.
Model 1. This model uses a single parameter (relationship) to explain the behavior of integration between two organizations.
Model 2. This model assesses the effects of organizational attributes in integration between organizations.
Model 3. For the construction of this model, two other variables (link attributes) were added to the model attributes: importance and contact. Additionally, three geometrically weighted terms (GWESP, GWDegree, and GWDSP) were included to analyze the network configuration and overcome the problem of model degeneracy. [33] [34] [35] [36] GWESP (geometrically weighted edgewise shared partner) is a measurement of the transitivity structure of the network. It captures the tendency of organizations that share a tie to form complete triangles with other organizations in the network. 33, 36 GWDegree (geometrically weighted degree statistic) captures the tendency of organizations with higher degree to form relationships with one another. 34, 36 GWDSP (geometrically weighted dyad-wise shared partner) is a measurement of the network's structural equivalence. It captures the tendency of a pair of organizations to share ties with the same sets of partners. 33 Model 4. This model used the same attributes and predictors as model 3 without including the contact variable. Contact variable was excluded owing to poor convergence.
RESULTS
Descriptive and Visual Analysis
The most central organizations in the network were from the Sports and Recreation, Government, and Security sectors. The density of the directed network was .23, indicating that approximately one-fourth of the possible ties are present. The reciprocity measurement was 23.8%, indicating a low percentage of reciprocal relationships and a high percentage of one-sided relationships between organizations.
According to the survey, 48.5% of the relationships were communication, 23.9% were cooperation, 9.7% were collaboration, and 17.9% were partnerships. Nonetheless, 79.1% of those relationships were reported to be very important or extremely important, while only 2.2% were reported to be not important or of little importance. The average time that organizations have been involved in Ciclov´ıa was 22.3 years (range: 1-35 years). In addition, the organizations that were perceived to be leaders in Ciclov´ıa were the District Institute of Recreation and Sports (IDRD, for the Spanish acronym), the Secretariat of Culture, Recreation and Sport (SCRS), City Hall, the Secretariat of Movility (SoM), and the Secretariat of Health (SoH). Specifically, 56% of the nominations were for the IDRD, 24% were for each of the SCRS and City Hall, and 16% were for the SoM and SoH. The rest of the organizations were not nominated.
The in-degree measurement showed that the organizations with the most ties from others in the network were from four sectors: Sports and Recreation (IDRD-node No.10 [14] ), Security (TP [transit police]-node No.14 [9] , and MP [metropolitan police]-node No.13 [9] ), Transport and Urban Planning (SoM-node No. 2 [8] ), and Government (City Hall-node No. 1 [8] ) (Figure 1a ). The analysis of the outdegree measurement showed that the organizations most related to other organizations were from three sectors: Sports and Recreation (IDRD-node No. 10 For individual use only. Duplication or distribution prohibited by law.
Government (City Hall-node No. 1 [12] and SoG [Secretariat of Government]-node No. 3 [11] ), Transport and Urban Planning (SoM-node No. 2 [11] ), and Health (SoH-node No. 4 [11] ) (Figure 1b ). The betweenness measurement showed that the organizations from the Sports and Recreation sector (IDRD-node No. 10 [109.3] and SCRS-node No. 9 [20.8] ) had the highest values, and therefore are the key intermediaries in the network (Figure 1c ). The closeness measurement showed that the organizations from the Sports and Recreation sector (IDRD-node No. 10 [94.1] and SCRSnode No. 9 [94.1]) were also the most central nodes in the network, that is, the organizations closest to other organizations in the network (Figure 1d ). The community detection analysis showed that each of the four communities identified is formed by organizations of different sectors (Figure 2 Of the organizations that responded to the questionnaire, 40.9% reported that there is no factor limiting their ability to work with other organizations, 27.27% indicated that organizational structure/bureaucracy is the main barrier to work with others, 4.54% reported lack of time, 4.54% reported incompatibility of goals or strategies, 4.54% indicated lack of formal agreements, and 18.18% reported no barrier.
Stochastic Modeling
The results of model 4 show that the variable ''years working on Ciclov´ıa'' is inversely associated with integration and that importance was positively associated with integration. The logodds of forming an integration tie decrease by .08 for every additional year that the organization participates in the program. The organizations considered most important by others are the most likely to cooperate, collaborate, or form partnerships. Model 4 had the best fit (see online supplement, pp 4-5).
In addition, the following structural predictors of integration were statistically significant: GWOdegree, GWESP, and GWDSP (Table 2 ). There was a positive tendency for transitivity (GWESP), indicating that organizations tend to form complete triangles or cluster with other organizations. In this network, there was no tendency for organizations with high out-degree (GWOdegree) to cooperate, collaborate, or form partnerships with other organizations that also have high outdegree. The positive value of GWDSP indicates that there is a structural equivalence in the network; that is, a pair of organizations in the network tend to share arcs with the same sets of partners.
DISCUSSION
Ciclov´ıa programs are rapidly expanding worldwide, 5, 24 and, therefore, information regarding their organizational structure is crucial. This study is the first to provide evidence of the institutional network structure of Bogotá's Ciclov´ıa, a promising program to promote PA, and it provides a methodology to assess similar PA programs. The analysis showed that Ciclov´ıa is a multisectoral self-organized network with a small number of relationships within the organizations in charge of its management and operation. Most of the relationships in the network are considered important by the institutions even if there is no formal agreement establishing the network as a program policy. The organizations considered most important by others are most likely to cooperate, collaborate, or form partnerships. The centrality of the Sports and Recreation sector shows that it is crucial for mediating the relationships and activities carried out by the other organizations.
Although the network had only 23.8% of reciprocal ties and a density of .23, there is always a possible path for the flow of information through any pair of organizations. The structural robustness of networks is deter- For individual use only. Duplication or distribution prohibited by law.
mined by removing a critical set of nodes until the network becomes fragmented in several components. 37, 38 In the context of the Ciclov´ıa network, the Sports and Recreation organizations, which are the most central actors of the network, were removed to analyze the robustness of the network. The resulting network corresponded to a single connected subgraph, except for the FONDATT organization, which in fact was dissolved in 2009. These results suggest that the organizational structure of the Ciclov´ıa network is robust. Furthermore, there was an inverse relationship between the time that an organization was involved in the Ciclov´ıa network and integration. This result might be explained by the maturity stage of the Ciclov´ıa program 18, 24 in the organizational life cycle. 39 In fact, 76% of the organizations that stated to be involved in the Ciclov´ıa program have been participating for more than 14 years. Those organizations mainly focus on maintaining the program status quo by sharing information only when it is necessary. Newer organizations tend to form ties with other organizations to develop and execute innovative actions in the Ciclov´ıa by working together, pursuing opportunities to work together, or working together as a formal team when an opportunity arises.
The IDRD, which belongs to the Sports and Recreation sector, has a mediator role, which is determinant for the communication flow in the network, since it is the most likely organization to have access to all the other organizations involved. This is consistent with the functions of the IDRD within Ciclov´ıa. IDRD is in charge of designing and implementing the Ciclov´ıa. The management from IDRD started in the year 1996 and strengthened the Ciclov´ıa by promoting well-being, PA, and the provision of healthy options for leisure time for the population. In that period, the length of Ciclov´ıa was increased by 50% and the circuit went through 70% of administrative districts. New activities were implemented, such as a complementary program of free PA classes.
We also found that the organizations in the network work in multisectoral clusters. In each cluster there are organizations with specific roles and activities that work together on Ciclov´ıa. This is consistent with the multisectoral organization of other Ciclov´ıas in the Americas that involve mainly the sectors of transport, recreation, and security and are mainly funded by institutions from the government. 18 Despite the fact that Ciclov´ıa is a health promotion program, the analysis highlights that Health is not the In addition, the network shows a positive tendency for transitivity, meaning that the organizations tend to cooperate, collaborate, or form partnerships in a group, rather than at the individual level. Within the clusters, the relationship between two organizations is often mediated by a third organization, explaining the observable lack of reciprocal ties. This work of the organizations in clusters may explain the network's low density.
Network analysis is a relatively new approach for PA research. In Latin America, a previous study was performed for the PA networks of Brazil and Colombia. 26 In contrast with the Ciclov´ıa network, those networks are formally established by 35 participating institutions in the case of Brazil and 53 institutions in the case of Colombia. The network analysis of Brazil and Colombia showed that those networks have more density than the Ciclov´ıa network and that the importance of organizations is also statistically significant in the integration prediction model. The networks that form the organizations that study and promote PA in Brazil and Colombia were established by government policies. The Ciclov´ıa network, on the other hand, was not formally established; its structure emerged as a self-organized complex system with a history of more than 30 years.
Some limitations in the study are worth noting. We interviewed only one person from each institution who was recommended as the most involved in Ciclov´ıa, assuming that his or her answers accurately represented the whole organization. Therefore, in fu-ture studies it is important to survey multiple persons from each organization to assess consistency of the data. Additionally, 12% of the participating organizations did not respond to the survey; however, the analysis shows that these organizations were not central and prestigious in the network. In addition, this work only does an initial assessment of network's integration level by using self-reported data as a snapshot of one point in time (2009). To address this, it would be important to periodically track the network integration's evolution. For this purpose, future studies should include periodically self-reported data from members of the organizations and additional predictors, such as the projects worked on by the two organizations, the results obtained in these projects, and the resources invested. Finally, the high percentage of participants that reported no barriers to work with others could be, in part, due to social desirability in the response.
Ciclov´ıa is a network whose structure emerged as a self-organized complex system in which the organizations tend to cooperate, collaborate, or form partnerships in multisectoral clusters. Most of the relationships in the network are considered important by the institutions even if there is no formal agreement. Ciclov´ıa of Bogotá is an example of a program with public health potential, formed by organizations of multiple sectors with Sports and Recreation being the most central sector. This study provides a framework to understand how Bogotá's Ciclov´ıa program is structured and what works to develop and support this program to promote PA. Therefore, and considering that Ciclov´ıa programs are expanding worldwide and showing promise as cost beneficial interventions for promoting PA, 21 the methodology presented could provide a framework for policy makers and practitioners to understand Ciclov´ıa in their local context.
SO WHAT? Implications for Health Promotion Practitioners and Researchers
What is already known on this topic?
Ciclov´ıa is a multisectoral, community-based mass program to promote physical activity (PA) where most participants are from low and middle socioeconomic status. In a recent work, a costbenefit analysis of four Ciclov´ıa programs showed that the programs are cost beneficial for promoting PA.
What does this article add?
This study shows that Ciclov´ıa is a network whose structure emerged as a self-organized complex system in which the organizations tend to cooperate, collaborate, or form partnerships in multisectoral clusters. What are the implications for health promotion practice or research?
To improve global health by increasing population levels of PA, programs should develop multisectoral strategies. Despite the fact that Ciclov´ıa is a health promotion program, in this network, Health is not the most central sector. Widespread integration of Ciclov´ıa into public health may require increasing the engagement of health organizations into the current network. This study provides a methodology for policy makers and practitioners to understand the structure of similar organizational networks within their local context.
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